In order to find geomagnetic anomalies associated with M s ≥ 6.0 strong earthquakes in Yunnan area, geomagnetic harmonic wave amplitude ratios with Z, H and D components in TCH, THJ, CHX and YOS stations were analyzed. It was found that geomagnetic amplitude ratio of Yzhx experienced a trend of decrease and increase before most of strong earthquakes. Moreover, these variations in different periods were inconsistent and no similar changes appeared for Yzhy, which may relate to fault-zone conductivity variation and seismogenic structure.
Introduction
It has been reported that electromagnetic precursors in association with a lot of large earthquakes. Observations both serendipitous and planned have encompassed a wide variety of measurements of electric and magnetic fields [1] [2] [3] [4]. Merzer and Klemperer [5] proposed a quasi-static model, in which the conductive fault zone acts as an antenna to couple with the external geomagnetic field to generate the observed geomagnetic anomalies [6] . Precursory changes in fault-zone conductivity lead to precursory changes in observed geomagnetic field. The detection of geomagnetic perturbation prior to fault ruptures has been proposed as an effective method for monitoring crustal activities [7] [8] [9] .
There have been many reports on geomagnetic changes associated with earthquakes and several methodologies are proposed such as polarization analysis [10] [11] [12] [13] , principal component analysis (PCA) [14] [15] [16] , Fractal analysis [17] [18] and Low-point displacement analysis [19] [20] [21] . Feng et al. [22] [23] [24] proposed a method named geomagnetic harmonic wave amplitude ratio analysis (we call it geomagnetic amplitude ratio analysis for short in this paper) to obtain electromagnetic emissions as a precursor to an earthquake and a lot of studies were reported [25] [26] [27] [28] . In this paper, we also use this method to analyze geomagnetic variations which may associate with strong earthquakes in Yunnan area.
Yunnan province is located in the southeast margin of Tibetan Plateau. Due to long-term extrusion between Eurasian plate and Indian Ocean plate, the geologic structure of Yunnan area is complicated and seismicity is active [29] . Some statistical results have showed that, 333 earthquakes with M s ≥ 5.0 happened in Yunnan area in 20th century and one earthquake with M s ≥ 6.0 occurred in a year on average [30] . Therefore, it is necessary to analyze the relation between magnetic anomalies and seismicity.
In this paper, we applied geomagnetic amplitude ratio analysis to historical geomagnetic data observed in Yunnan and try to find some significant precursory effect for historical earthquakes of M s ≥ 6.0 in Yunnan area from 1990 to 2000.
Geomagnetic Data and Earthquakes
There were 4 geomagnetic stations in Yunnan area from 1990 to 2000, they were The distribution of stations is given in Figure 1 and earthquakes selected are also plotted. 
Geomagnetic Amplitude Ratio Analysis
If the structure of underground is homogeneous transversely, geomagnetic field changes with frequency as below [31] :
where the subscript x indicates NS orientation of coordinate system, y represents EW and ω is circular frequency, λ is wave number of geomagnetic field and we regard it as a constant in this paper, μ and σ represent permeability and conductivity. Z(ω), H x (ω) and H y (ω) indicate spectral amplitudes of Z, H and D, respectively. Each element in Equation (1) is a complex number as a function of frequency.
Geomagnetic amplitude ratios were defined as below:
Recorded geomagnetic field consists of internal and external source field, and it is difficult to separate them. Normal geomagnetic field consists of external structures. When external source field is uniform and the horizontal-layer structure in the earth is electric homogeneous transversely, the vertical component will not be observed on the surface of earth. Therefore, Z(ω) which comes from normal field for uniform source is close to 0 [32] . However, the horizontal layers in the earth are electric inhomogeneous transversely and the source field is non-uniform actually. Therefore, the geomagnetic amplitude ratios of Yzhx and
Yzhy could describe the changes of electric inhomogeneous transversely structures underground which are usually embodies in the changes of conductivity.
A lot of studies showed that geo-resistivity changed mostly decrease prior to earthquakes [33] . According to Equation (1) 
Results Analysis

Variation of Geomagnetic Amplitude Ratios
According to Equation ( 
Earthquake Cases Analysis
Previous researches showed that geomagnetic amplitude ratios decrease prior to earthquakes, and most earthquakes occurred in the process of recovery [23] [24]. 
Conclusions
Geomagnetic amplitude ratios in periods of 13, 20, 31, 
Discussion
Moreover, Du [34] [35], Zheng [36] and Zhu [37] have found that the distribution of abnormal geo-resistivity stations and anomalous amplitudes prior to earthquakes were related to fault parameters (like strike or dip) and focal mechanism, especially the direction of principal compressive stress axis. The prominent changes occur in the component whose direction is perpendicular or nearly perpendicular to principal compressive orientation, and the abnormal geo-resistivity stations were almost along the orientation which perpendicular to the rupture direction of fault. Geo-resistivity change leads to the variation of geomagnetic amplitude ratios Yzhx and Yzhy, so the distribution of abnormal nately, significant precursory effects were found for most of earthquakes in this paper, and it's necessary to study the detail relation between geomagnetic amplitude ratios and fault parameters or focal mechanism in further research.
